Microsporum gypseum macroconidia germinated at 37 C possessed from one to eight nuclei per germinated spore compartment. The distribution of nuclei per spore compartment was the result of a random packaging of nuclei from the available nuclear population. Partial inhibition of germination by incubation at 25 C or at 37 C in the presence of 10-4 M phenyl methyl sulfonyl-fluoride resulted in an enrichment of germinated spores containing high numbers of nuclei per compartment. The selection for higher nuclear numbers was statistically significant. Compartments possessing high numbers of nuclei appeared to be precommitted to spore germination since they were not sensitive to germination inhibition. The effect of incubation temperature variation on spore germination is discussed with respect to the organism's natural environment.
nuclear distribution in Phycomyces spores was the result of a random packaging of nuclei from the available nuclear population. The results of El-Ani (1) suggested that a similar nuclear segregation mechanism may operate in Microsporum gypseum macroconidia.
In a previous paper (5), we showed that the potentiality for macroconidial germination (under conditions of germination protease inhibition and temperature variation) was not constant throughout the spore population. Our results indicated that approximately 30% of the spore population was germination protease enriched, that is, was capable of germination in conditions which were not sufficient to allow germination of the remaining 60 to 70% of the population. On the basis of our results, we have proposed a model for macroconidial germination which predicts that those spores which possessed the highest numbers of nuclei per septated unit would provide the greatest amount of germination protease, and 1A preliminary report covering part of this work was presented at the 70th Annual Meeting of the American Society for Microbiology, Boston, Mass., 26 April-i May 1970. hence, have the greatest potentiality for spore germination. This report is a further investigation of the proposed mechanism for macroconidial germination.
MATERIALS AND METHODS
The strain of organism, sporulation, and germination conditions were described previously (4, 5) . All experiments were carried out with physiological saline, 0.85% NaCl, w/v (pH 6.5), as the germination medium. Spore germinations were determined microscopically as previously reported (4) . Mycelial and spore nuclei were stained by the Giemsa method of Hejtmanek and Hejtmankova-Uhrovd (3) or the aceto-orcein method of El-Ani (1).
Fourteen-hundred germinated septated units of macroconidia were counted to determine the 37 C nuclear distribution curve. Three-hundred germinated septated units were counted to determine the 25 C and 37 C phenyl methyl sulfonyl fluoride (PMSF) nuclear distribution curves. Nuclear counts on germinated spores were made after 5 hr (37 C incubation) or 8 hr (25 C incubation).
Chi The X, Y intercepts from each appropriate datum point were used to calculate regression lines for the 37 C control, 37 C + PMSF addition, and 25 C populations. The slopes of the treated regression lines were compared to each other and the 37 C control (i.e., slope = 0) by standard statistical regression methods.
Aceto-orcein and Giemsa stains were obtained from Esbe Laboratory Supplies, Toronto, Canada. PMSF was obtained from Calbiochem, Los Angeles, Calif.
RESULTS
Evaluation of nuclear staining procedures. The aceto-orcein stain employed by El-Ani (1) was useful in staining mycelial nuclei but did not give precise definition of germinating spore nuclei. The Giemsa nuclear staining method of Hejtmanek and Hejtmainkova'-Uhrova' (3) revealed welldefined spore and mycelial nuclei. It was our experience that spore nuclei migrated rapidly into the growing germ tube. Hence, it was necessary to stain germinating spores at the earliest possible times compatible with complete germination. Optimal times for germination at 37 C were 5 hr and at 25 C, 8 hr.
Gross distribution of nuclei in mycelia and spores germinated at 37 C. Three day old mycelia were observed usually to possess two nuclei per hyphal septated unit. Four to eight nuclei were seen per hyphal growing tip. One to eight nuclei were present per germinated spore septated unit at 37C.
Nuclear distribution analysis of spore germination at 37 C, at 37 C in the presence of 1O4 M PMSF, and at 25 C. In our germination conditions, 90 to 100% of the macroconidia which were present at 0 time germinated by 5 hr at 37 C. (We were unable to detect initial germ-tube protrusion earlier than 3 hr.) Germ-tube elongation continued until approximately 8 hr, at which time most of the spores' endogenous reserves had been utilized (Leighton, Stock, and Kelln, in preparation). However, if spores were germinated at 37 C in the presence of 10-s M PMSF (a specific germination protease inhibitor) or at 25 C, only 30% of the macroconidia which were present would germinate. Of the spores which were present initially at 37 C, 80 to 100% germinated in the absence of PMSF. The 25 C germination percentage could be increased to 37 C values by the addition of purified germination protease (5). The question arose as to whether there were any similarities between the 37 C, 10-M PMSF-inhibited and 25 C populations of germinated spores.
We had previously suggested that those septated macroconidial units which contained a high enough number of nuclei would be precommitted for germination. That is, the septated compartment would have enough germination protease produced during spore maturation to hydrolyze the spore coat sufficiently so that the subsequent suspension of the spore in germination medium would initiate germination. Hence, germination of these spores would not be inhibited by 10-4 M PMSF at 37 C or by incubation at 25 C. We sought to verify this hypothesis further by analyzing nulcear distribution curves obtained from spores germinated at 37 C, 37 C in 10-4M PMSF, and at 25 C. Figures 1 to 3 illustrate the results obtained from these analyses. Inspection of the data indicated that the nuclear distribution curves were shifted to higher nuclear numbers when spores were germinated at 25 C or in the presence of 10-4 M PMSF. All of the experimental curves had good fit to a chi-square distribution. This suggested that the number of nuclei contained per spore septated unit was a random sample of the total nuclear population.
Statistical analysis of nuclear distribution data. Prior to the application of statistical techniques to the distribution data, we had estimated that experimental counting error was no greater than 5% (a = 0.05). Statistical comparison of the 37 C population to the 37 C, 10-M PMSF-inhibited and 25 C populations by chi-square anal- ysis revealed that the control and treated populations differed significantly even at the 0.001 level. A comparison of the 37 C, PMSF-treated and the 25 C population indicated that the differences in cumulative distributions were not significant at the 0.05 level. Since the chi-square test is only sensitive to differences in cumulative distribution, we analyzed the distribution data also by linear regression analysis. This type of analysis (onetailed) would indicate ifthere were any statistically significant differences throughout the populations in the direction of higher nuclear numbers. It would indicate also if one treatment was significantly more selective for higher numbers of nuclei. Regression analysis suggested that both the 25 C and the 37 C, 10-4 M PMSF-inhibited populations differed significantly (even at the 0.0005 level) from the 37 C population in their selection of higher nuclear numbers. A comparison of slopes of the treated regression lines indicated that the 37 C, 10-4 M PMSF population significantly (at the 0.005 level) favored a higher number of nuclei per septated unit for germination than that of the 25 C population. DISCUSSION Quantitative analysis of nuclear distribution in M. gypseum macroconidia indicated that the [f(n)] The fraction of the total germinated septated units. nuclear segregation mechanism was very similar to that described in Phycomyces (2) . Nuclei are incorporated into the septated spore compartment by a random packaging of nuclei from the available mycelial nuclear population. This type of nuclear segregation during conidiation has a concomitant effect on the potentiality for spore germination. If selective pressures are applied to the germinating population, i.e., suboptimal germination temperature or germination protease inhibition, those spore compartments with higher nuclear numbers will preferentially germinate. It seems likely that many of these spore compartments are precommitted for germination. The initial activation reastions have already occurred in the spore compartments, owing to the large number of nuclei present. The suspension of these spores in germination medium resulted in the immediate onset of germination processes which were not sensitive to incubation at 25 C or the presence of 10-4 M PMSF. gested that use of PMSF was a more selective treatment than was use of temperature variation. The regression line produced by PMSF addition significantly favored higher numbers of nuclei than does germination inhibition at 25 C. This is not an unexpected result, since PMSF is an irreversible protease inhibitor. Once a protease molecule has bound a molecule of PMSF, it is no longer available for further hydrolysis. However, at 25 C it was possible that spores which were precommitted might release protease into the germination medium which could subsequently activate spores containing lower numbers of nuclei. The enzymatic germination reaction can be slowed down by incubation at 25 C, but the possibility of protease release and reabsorption cannot be eliminated.
In view of the fact that M. gypseum can be a human pathogen, the response of the germination system to incubation temperature variation may reflect a very useful adaptation to its parasitic environment. Since the organism requires exogenous carbon and nitrogen sources for continued outgrowth processes after germination (Leighton, Stock, and Kelln, in preparation), it would be unwise to germinate the total spore population at 25 C, wherein conditions may not be sufficiently adequate for the survival of the organism. However, at more elevated temperatures in a parasitic ALND STOCK J. BACTERIOL. environment, the mold would be better insured of a more suitable environment for vegetative outgrowth and hence would germinate an optimal spore population.
